The study aimed to evaluate the effects of adding different concentrations of 2 hydroxyethyl methacrylate (HEMA), 2-hydroxyethyl acrylate (HEA), ethyl methacrylate (EA) and isobutyl methacrylate (IBMA) monomers on the structural, thermal and mechanical properties of a fiber reinforced heatpolymerized acrylic resin. For each test, 126 acrylic resin specimens were fabricated and divided into 6 groups with 7 specimens each. One group was the control group, the other one is a fiber reinforced group and others were the test groups, which were formed according to the different concentrations of monomers. 6 mm length, and the weight ratio of 3% short glass fibers are added to acrylic powder polymerized by heating. The 2%, 5%, 10%, at 20 % ratios of different comonomers added to a monomer of MMA are composed of copolymer structures. Flexural strength was assessed with a three-point bending test using a universal testing machine. Impact strength testing was conducted using an impact test machine by the Charpy method. The analysis of the connection between acrylic resin and fiber by SEM and structural changes in the acrylic resin was investigated by FTIR spectroscopy. Data analyses using analysis of KruskalWallis and Mann-Whitney U tests (α=0.05) significant difference tests showed that adding 2%, 5% HEMA and IBMA monomers significantly increased the * Dursun Saraydın, e-mail: saraydin@cumhuriyet.edu.tr or dsaraydin@gmail.com
Introduction
The most commonly used acrylic resin in preparation of denture base material is the polymethylmethacrylate (PMMA). The acrylic resins have been used extensively for the fabrication of denture bases, because of their aesthetic qualities and reparability, but some properties of denture base resins, such as dimensional stability, porosity, and mechanical strength may play a significant role in the clinical performance of complete dentures and removable partial prostheses. [1] [2] [3] Denture fractures in clinical use may result from sizeable transitory force, caused by an accident or a low force during repeated chewing. 4 Researchers have attempted to improve the mechanical properties of polymethyl methacrylate, and this material has been subjected to numerous different procedures, including several types of reinforcement materials.
The literature reports reinforcement with various fibers including carbon, aramid and glass fibers. 5, 6 Different polymers have been developed to be used as denture base resins, to overcome some of the mechanical deficiencies of poly(methyl methacrylate) (PMMA) such as polyamides, epoxy resin, polystyrene, vinyl acrylic, rubber graft copolymers, polycarbonates and nylon.
Stafford and Smith have investigated polycarbonates and found that these materials have encouraging possibilities as a denture base because they were found to be superior to the acrylic resin in deflection, impact strength, and thermal expansion. 6 To strengthen the acrylic structure, they have created new matrix constructions for strengthening chemical structures by adding different copolymers with/without fiber addition. Several types of monomers have been added to MMA and PMMA. Few studies show that PMMA became stronger with some methacrylate monomers. 8, 9 Ethyl methacrylate, butyl methacrylate, butyl acrylate, tetramethyldisiloxane, norbornyl and phenyl methacrylate monomers have been used with MMA to produce a modified copolymer structure, but conflicting results have been reported. 10, 11 Both 2-hydroxyethyl methacrylate (HEMA) and isobutyl methacrylate (IBMA) 8, 9 were used to improve the mechanical properties of PMMA. Johnson and Jones studied the mechanical properties of PMMA and copolymers with ethyl and butyl methacrylates. Mechanical properties of PMMA decreased when increasing the concentration of butyl and ethyl methacrylates. 8 Moreover, heat-polymerized acrylic resin powder was mixed separately with tert-butyl, ethyl, and isobutyl methacrylate monomers. 12 They found that there was no difference in tensile strengths between the polyacrylates and the control group.
The aim of this study was to evaluate some properties such as mechanical (transverse strength and impact strength) spectroscopic and thermal properties and surface morphology of glass fiber reinforced acrylic resin with the ratios of different monomers incorporating to PMMA. We hypothesized that the addition of some hydrophobic or hydrophilic monomers to PMMA based denture base resins would improve the mechanical properties of the resin.
Results and Discussion
The acrylic resin is the most commonly used material for the construction of denture base material, but this material is not perfect because of its relatively low mechanical strength, which can cause the fracture of the denture. (Table 1) , on impact strength and flexural strength of acrylic resin. At the same time, the glass fiber was used because the impact strength, elasticity modulus, and transverse resistance of the acrylic resin increased. The glass fiber was also preferred from aesthetic reasons (nice white color) and because it has more homogeneous distribution than other fibers in the reaction phase. [13] [14] [15] [16] [17] [18] [19] [20] Since the use of low-concentration and short-length fibers strengthens the mechanical properties of acrylic resins, 6 mm long and 3 wt% glass fiber is used. The processed molds were left to cool at room temperature for 20 min, then placed under running tap water for 10 min. Subsequently, the specimens were excluded from the mold and excess material trimmed. All samples were stored in distilled water at 37 o C for two weeks before tests.
Spectroscopic analysis of the acrylic resin
The typical FTIR spectra of acrylic resin with the comonomers without glass fibers are shown in Figure 2 . The spectra in Figure 2 are similar, because the chemical structures of the polyacrylic copolymers given in Table 5 and those used in the present study are also similar. According to FTIR analyses, 21 the bands in 1100-1400 cm 
Thermal analysis TG analysis
The thermal degradation parameters such as the initial degradation temperatures (T i ), the temperature of maximum speed (T max ), the degradation final temperature (T f ), the half-life temperature (T h ), the maximum decomposition rate (r max ) and the maximum mass loss at the maximum decomposition rate (C max ) values, calculated from the thermograms of acrylic resin with comonomers, without the glass fibers The thermograms of acrylic resins exhibit only one distinct degradation stage in the range of 260/265 -390/405 °C. The thermal degradation of acrylic resins in this temperature range is the chain radical reaction of depolymerization [22] [23] . The initiation of acrylic resins depolymerization proceeds via a statistic rupture of polymer, with the formation of two free macroradicals, via disruption of the bonding near the terminal double bond, with the formation of an active macroradical and a relatively stable allyl radical.
DSC Analysis
The glass transition temperatures 24 of the acrylic resins containing the comonomers without the glass fibers were determined from the DSC thermograms (Figure 5 and 6 and Table 2 ). The glass transition temperatures (last column in Table 2 ) of the acrylic resins containing hydroxyl group were higher than the glass transition temperature for the other resins. So, the increase in the glass transition is related to the hydroxyl group in acrylic resin, due to the hardening effect of the hydrogen bonding ability of hydroxyl group from the acrylic resin.
Water sorption
The values of water sorption capacities (WS) 25 of the test samples of polymers containing acrylate comonomers in the concentration of 2, 5, 10 and 20 % were calculated, and the graphs are presented in Figure 7 . 
Morphological analysis
The surfaces of acrylic copolymers with fiber samples were examined by scanning electron microscopy in two different magnifications (Figure 8-13 ). In the SEM examination of the copolymers groups, the good compatibility between fibers and acrylic copolymers with HEMA and IBMA was observed, while spaces between fibers and copolymers with HEA and EMA and acrylic residues appear at the surfaces of the fibers.
Therefore, it can be said that acrylic copolymers with HEMA and IBMA are more compatible for the acrylic copolymers than HEA and EMA.
Mechanical test
The means and standard deviations of the flexural and impact strength [22] [23] [24] [25] [26] [27] [28] [29] [30] of the control, fiber only and different concentration of copolymer groups are given in Tables 3 and 4 . ) in each group of specimens (n = 7) presented as means (X) and standard deviations (Sd). Increased mean impact strengths were observed after reinforcing all acrylic resin specimens with only fiber and 4 monomers. Only samples reinforced with 2 % IBMA (12497,22±1759,45 MPa) showed however a significant increase in impact strength compared to the control and fiber only group (P < 0.05), whereas the 20% IBMA group appeared to have the lowest value (5708,33±2254,11 MPa) not to a significant level (P > 0.05).
Groups
In the light of these findings, the values of flexural and impact strength of the samples from control group, control group with fibers and test groups indicate that the measured values of the acrylic polymers containing HEMA and IBM in low concentrations were increased.
Cho and et al., 32 adding butyl methacrylate to strengthen poly (methyl methacrylate), have found that the poly (butyl methacrylate) group with functional end groups was more resistant in the transverse strength test.
As a result of these findings, they reported that van der Waals interactions between molecules were effective and that these interactions would make the material more resistant. Based on these studies, 32, 33 we can also say that the van der Waals interaction is stronger in our work, based on the resistivity increase of the acrylic resins in the case of including IBMA and HEMA monomers in the preparation, due to the interaction between their alkyl groups and the acrylic resin. Moreover, IBMA and HEMA containing more carbon atoms than other monomers, conferred flexibility to the copolymer structure and increased the resistance of the resin.
Experimental

Materials
The monomers and all reagents of chemically pure or analytical grade were used as received. E-Glass fiber (WR3-2400) was gifted from OHG. Some properties of the comonomers are listed in Table 1 .
Preparation of the acrylic resin
For the preparation of fiber reinforced PMMA based denture base resins with some comonomers, the glass fibers 3% (mass) and 6 mm in length were soaked in monomer in a Petri dish for better bonding of these fibers with the PMMA resin matrix except for the control group. The fiber amounts to be added were determined relative to the premixed, measured resin powder mass.
For the test groups, each of the hydrophobic comonomers such as IBMA, EMA and hydrophilic comonomers such as HEMA, HEA groups were mixed separately to the acrylic resin liquid at 2, 5, 10, 20 % by mass, respectively, prior to polymerization.
The compositions of control and test groups were shown in Table 5 . Table 5 . Groups and different comonomers used in this study. The powder/liquid ratio of 2.34 g mL -1 was maintained as recommended by the manufacturers for the control groups. The glass fiber was added to acrylic resin powder at 3% concentration by weight for the only fiber groups. In the copolymer groups, preparation was carried out at different monomers with 2%, 5%, 10% and 20% according to the molar mass ratio, 
Thermal analysis
Thermal analysis of the polymers was carried out using TG and DSC .
Water sorption
Specimens were kept in a desiccator at 37±1 °C for 24 hours. This mass value was considered the initial mass of the specimen (m o ). All samples were added in a distilled water-filled beaker and weighed daily on an analytical scale with an accuracy of 0.0001 g, in a water bath maintained at 37°C, until a constant mass (m e ) was achieved.
The values for water sorption (WS) in g cm −3 for each of the specimens were calculated using the following equations:
WS %
Where m o is the conditioned mass, in g, prior to immersion in water; m e is the mass of the specimen in g, after immersion in water, and V is the volume of the specimen in cm 3 .
Morphological analysis
The fractured surfaces of glass fiber reinforced with heat-cured acrylic resin samples were coated with a layer of 5 nm-thick gold, and then SEM photographs were recorded with LEO 440 Scanning Electron Microscopy (Zeiss, Oberkochen, Germany) at the magnifications of 500x and 1000x.
Mechanical test
Mechanical tests of glass fiber reinforced with a heat-cured acrylic resin such as impact strength and flexural strengths were carried out in this study. For the tests, 126 acrylic resin specimens were fabricated and divided into 6 groups (18 sample types, Table 5 ) with 7 specimens each. One group was the control group; the other one is the fiber reinforced group and the third was the test group, formed according to the different concentrations of fibers incorporated into the acrylic resin (Table 2) . Finally, different comonomer materials (seven specimens for each group) were prepared for impact and transverse strength tests, respectively.
Each group was subjected to flexural strength test using a universal testing machine (Lloyd LF Plus; Ametek Inc, Lloyd Instruments, Leicester, UK), at a crosshead speed of 5 mm min -1 . The impact strength test was performed according to ISO Standard 1567 :1988 using an impact test machine (Coesfeld, İmpact tester, Germany) by the Charpy method with a pendulum of 0.5 J, in which the specimens were horizontally positioned with a distance of 40 mm between the two fixed supports.
The flexural strength F s was calculated from the formula; F 3Fl 2bh where F is the maximum load (N), l the span length (mm), b the width of the test specimen (mm) and h the thickness of the test specimen (mm).
Impact strength (I S ) of the specimen was calculated by using the following formula; I AE bh where AE is the absorbed energy (J), b the width of the test specimen (mm) and h the thickness of the test specimen (mm).
Statistical Analysis
The flexural and impact strengths (means and Standard deviations) between different concentration for the same monomer group were statistically evaluated by Friedman and Wilcoxon tests (α=0.05) and the ones between different monomer for the same concentration were statistically evaluated by Kruskal-Wallis and Mann-Whitney U tests (α=0.05), by using a SPSS statistical software program (version 15.0, SPSS Inc., Chicago, IL, USA).
Conclusion
Under the conditions of the present study, the following conclusions may be drawn:
 Since denture fractures are frequently encountered in clinical use, it is aimed to improve the mechanical properties of acrylic resins obtained by adding glass fiber and various monomers to this study. In accordance with this purpose, some properties (ie., mechanical (transverse strength and impact strength), spectroscopic, thermal properties, water sorption, and surface morphology) of glass fiber reinforced acrylic resin with the ratios of different monomers incorporating to PMMA were evaluated.  The FTIR spectra of the prepared materials showed that the incorporation of acrylic comonomers such as ethyl methacrylate, isobutyl methacrylate, 2-hydroxy ethyl acrylate and 2-hydroxy ethyl methacrylate to PMMA created the copolymer structure  The highest flexural and impact strength was obtained by the addition of 2% IBMA monomer.  PMMA prepared by adding a low concentration of HEMA and IBMA increased the impact and flexural strength values of PMMA denture base resins among the trial groups.  A suitable adhesion between fiber/resin surface was indicated by SEM images, except for HEA and EM monomers. As a result, we can conclude that transverse and impact strength of fiber-reinforced acrylics increased by the addition of HEMA and IBM comonomers at low concentrations. So it may be suitable to use these monomers with fiber-reinforced acrylics.
